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(54) COLOR LIPPMANN HOLOGRAM AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To provide a color Lipppmann hologram which enables 
simultaneous recording of three colors in color hologram recording and 
color hologram duplicating as recording of a desired diffracted light 
wavelength with desired diffraction efficiency on the hologram is 
possible and which is useful for a head up display as appearance 
colors are decreased. 

CONSTITUTION: The exposures by laser beams 10, 11, 12 are 
adjusted according to the respective exposing sensitivities of the 
respective colors of a photopolymerizable film 3, by which the 
respective diffraction efficiency of the respective colors is controlled to 
the color tones desired to be displayed. The hologram is produced by a 
process for previously depicting the relations between the exposures 
and diffraction efficiency of the respective colors of the 
photopolymerizable film 3 as graphs, deriving the necessary exposures 
of the respective colors from the respective graphs according to the 
color tones desired to be displayed and irradiating the 
photopolymerizable film 3 with the respective laser beams of three 
primary colors according to the exposures of the respective colors 
coaxially at the same time for starting the irradiation, thereby executing 
hologram recording. 
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* notices * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim I] In the color Lippmann hologram which diffracts red, green, and the blue three primary colors It is what this hologram is the 
same axle about each laser light in three primary colors, and makes the time of exposure initiation the same, and is irradiated and 
recorded on a photopolymerization nature film. The color Lippmann hologram characterized by each diffraction efficiency of each 
color being adjusted by the color tone displaying by adjusting the light exposure by this laser light according to each exposure 
sensibility of each color in a photopolymerization nature film. 

[Claim 2] The color Lippmann hologram according to claim 1 whose color Lippmann hologram is an object for turning-the-head-up 
tee sprays. 

[Claim 3] Red, green, and blue hologram record in three primary colors are performed on a photopolymerization nature film. In 
manufacturing the color Lippmann hologram, relation of the light exposure of each color and diffraction efficiency in this 
photopolymerization nature film is graph-ized, respectively. According to a color tone to display, the need light exposure of each color 
is drawn from said each graph. The manufacture approach of the color Lippmann hologram which is the same axle about each laser 
light in three primary colors, and makes the time of exposure initiation the same and is characterized by irradiating a 
photopolymerization nature film and carrying out hologram record according to the light exposure of each of this color. 
[Claim 4] The manufacture approach of the color Lippmann hologram according to claim 3 which is what is performed by adjusting 
each exposure reinforcement so that hologram record of each color may become the light exposure which each color needs, while 
making the same the exposure time in each laser light in three primary colors. 

[Claim 5] The manufacture approach of the color Lippmann hologram according to claim 3 which is what is performed by adjusting 
each exposure time so that hologram record of each color may become the light exposure which each color needs, while fixing the 
laser exposure reinforcement of each color. 

[Claim 6] The manufacture approach of the color Lippmann hologram according to claim 3 that the color Lippmann hologram is an 
object for turning-the-head-up tee sprays. 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ip... 6/20/2006 



JP,07-160183,A [DETAILED DESCRIPTION] 



Page 1 of 4 



* notices * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the color Lippmann hologram especially the color Lippmann hologram useful as a 

tuming-the-head-up tee spray, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, a hologram is widely used for the object for an ornament, the object for forged 
prevention, and optical elements, and the hologram of a volume phase mold (Lippmann mold) which is especially excellent in 
wavelength selection nature recently, and is excellent also in a cubic effect attracts attention. 

[0003] For example, although a hologram combiner is an example of such an optical element, the function can be said to be a semi- 
permeable image formation component. As an optical element represented by such hologram combiner, the combiner for a tuming- 
the-head-up display is mentioned, for example, it is used with the glass laminate gestalt as an automotive application. 
[0004] However, usually it is recorded on single wavelength, an appearance color besides the problem that playback wavelength will 
be limited to Isshiki is conspicuous, and the hologram currently used for this kind of application has the problem as what is attached in 
the front windshield of a driver's seat. 

[0005] On the other hand, the color hologram which consists of a photopolymerization nature film is used for this kind of application, 
and there is a request which multiple-color-izes playback wavelength. Although what is necessary is just to record a hologram using 
the laser light which is theoretically equivalent to the three primary colors in order to colorize a reconstruction image, since the 
excitation efficiency of each coloring matter contained in a photopolymerization nature film differs, it is difficult to control to the 
diffraction efficiency which asks for red, green, and the blue three primary colors, respectively, and to acquire a desired color tone. 
[0006] For example, when time amount is shifted, respectively, the laser light equivalent to the three primary colors is irradiated on the 
non-same axle and a hologram is recorded, sensitized material components, such as a monomer, move by the first laser exposure in the 
three primary colors, the so-called "color gap" surely arises, and acquiring a desired color tone has the problem of being difficult. 
Moreover, an appearance color is conspicuous like what is recorded on single wavelength, and the color Lippmann hologram recorded 
by doing in this way has a problem as a combiner for a turning-the-head-up display. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention is the color Lippmann hologram controlled by the desired color tone, and 
offers a technical problem especially the color Lippmann hologram by which the appearance color was reduced, and its manufacture 
approach as an object for turning-the-head-up tee sprays. 
[0008] 

[Means for Solving the Problem] In the color Lippmann hologram to which the color Lippmann hologram of this invention diffracts 
red, green, and the blue three primary colors It is what this hologram is the same axle about each laser light in three primary colors, 
and makes the time of exposure initiation the same, and is irradiated and recorded on a photopolymerization nature film. By adjusting 
the light exposure by this laser light according to each exposure sensibility of each color in a photopolymerization nature film, it is 
characterized by each diffraction efficiency of each color being adjusted by the color tone displaying. 

[0009] The manufacture approach of the color Lippmann hologram of this invention Red, green, and blue hologram record in three 
primary colors are performed on a photopolymerization nature film. In manufacturing the color Lippmann hologram, relation of the 
light exposure of each color and diffraction efficiency in this photopolymerization nature film is graph-ized, respectively. It is 
characterized by drawing the need light exposure of each color from said each graph according to a color tone displaying, irradiating a 
photopolymerization nature film, being the same axle about each laser light in three primary colors, and using the time of exposure 
initiation as the same according to the light exposure of each of this color, and carrying out hologram record. 
[0010] Moreover, in the manufacture approach of the above-mentioned color Lippmann hologram, while hologram record of each 
color makes the same the exposure time in each laser light in three primary colors, it is characterized by being carried out by adjusting 
each exposure reinforcement so that it may become the light exposure which each color needs. 

[001 1] Furthermore, in the manufacture approach of the above-mentioned color Lippmann hologram, while hologram record of each 
color fixes the laser exposure reinforcement of each color, it is characterized by being carried out by adjusting each exposure time so 
that it may become the light exposure which each color needs. 

[0012] Furthermore, the above-mentioned color Lippmann hologram is characterized by being an object for turning-the-head-up tee 
sprays. 

[0013] Hereafter, this invention is explained to a detail. 

Although a photopolymerization nature film is a solid-state substantially, if laser light (coherent light) is exposed, a monomer will 
generate a polymer with the high molecular weight which has the reflection factor and rheology property which carry out a 
polymerization and are different from the non-exposing field of a film. Although a film is a solid-state substantially, counter diffusion 
of it is carried out before exposure by laser light, during exposure, or after exposure until homogeneity exposure is carried out, or it 
heat-treats and is fixed to a component. Thickness is the photopolymerization nature film which is 1-100 micrometers, and a 
photopolymerization nature film consists of a plasticizer etc. the red dyes for laser light which have a binder and an ethylene system 
partial saturation monomer as a component, and have an absorption region in 600nm - 680nm as a photoinitiator, the blue coloring 
matter for laser light which has an absorption region in 400nm - 490nm, the green coloring matter for laser light which has an 
absorption region in 500nm - 570nm, and if needed. 

[0014] required for a binder to have a function as a matrix for a monomer and each coloring matter before exposure, and give the 
refractive index of an orienting line, and for after exposure form a reflection hologram — it contributes to physical and a refractive- 
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index property. They are the interpolymers which are excellent in coherent, the flexibility, the miscibility, and tensile strength other 
than a refractive index, and contain the segment of polyvinyl acetate, a polyvinyl butyral, a polyvinyl acetal, polyvinyl formals, and 
these polymers as the principal part, and such mixture. 

[0015] Moreover, as an ethylene system partial saturation monomer, the mixture of the carbazole monomer of solid ethylene system 
partial saturation and the ethylene system unsaturated compound of the liquid which has the boiling point 100 degrees C or more 
which can carry out addition polymerization is illustrated. As a carbazole monomer of solid ethylene system partial saturation, N- 
vinylcarbazole is illustrated, for example and 2-phenoxy ethyl acrylate, the monoacrylate by which phenol ethoxylation was carried 
out, the ethoxylated bisphenol A diacrylate, or such mixture are illustrated as an ethylene system unsaturated compound of a liquid, for 
example. 

[0016] Moreover, as a photoinitiator, although red, blue, and green three-primary-colors coloring matter are added As red dyes for 
laser light which have an absorption region in 600nm - 680nm As xanthene dye, oxazine system coloring matter, and blue coloring 
matter for laser light that has an absorption region in 400nm - 490nm As oxazole OKISA diazole system coloring matter, stilbene 
system coloring matter, quinolone system coloring matter, coumarin system coloring matter, and green coloring matter for laser light 
that has an absorption region in 500nm - 570nm, coumarin system coloring matter and xanthene dye are mentioned. Specifically, what 
is indicated by the CMC Co., Ltd. issue is mentioned on "special function coloring matter"-technique and commercial-scene -, 92 
pages - 103 pages, and July 25, 1986. 

[001 7] Moreover, in order to give mechanical properties, such as an adhesive property, flexibility, and a degree of hardness, a 
photopolymerization nature film can be made to contain a plasticizer if needed, for example, triethylene glycol dicaprylate, 
tetraethylene glycol JIHEPUTANOETO, etc. are mentioned to it. In addition, an optical brightening agent, an ultraviolet ray 
absorbent, a thermostabilizer, a hydrogen donor, an adhesion alteration agent, a covering assistant, a remover, etc. are added as an 
arbitration component. 

[0018] the rate of each component in a photopolymer constituent — binder:25 % of the weight -90 % of the weight — desirable — 45 % 
of the weight - 75 % of the weight and monomer: 5 % of the weight -60 % of the weight - desirable — 1 5 % of the weight - 50 % of 
the weight and plasticizer: 0-25 % of the weight — desirable — 0 - 15 % of the weight, and photoinitiator system:0.1 % of the weight - 
1 0 % of the weight - desirable — 1 - 7 % of the weight, and arbitration component: — it is 1 % of the weight - 4 % of the weight 
preferably zero to 5% of the weight. 

[0019] a photopolymer constituent - a polyethylene terephthalate film, a polymethylmethacrylate film, a polycarbonate film, and a eel 
— a funnel - after applying on transparence bases, such as a triacetate film, and considering as a photopolymerization nature film or 
fabricating in the shape of a film, a laminating is carried out on a transparence base. The laminating of polyethylene or a 
polypropylene film, the polyethylene terephthalate film, etc. is carried out to a photopolymerization nature film front face as a primary 
protective layer. What is marketed as trade names HRF705 and HRF352 from Du Pont can be used for such a photopolymerization 
nature film. 

[0020] The optical system for producing the color Lippmann hologram As shown in drawing 1 , the mixed light is carried out by the 
half mirror 21 for 2 minutes, making into the same axle each laser light oscillated from the red laser 10, the blue laser 1 1 , and the 
green laser 12, and using the time of exposure initiation as the same. Subsequently Each laser light is changed into the emission light 
which comes out of one point with lenses 22 and 23, incidence of these two emission light is carried out from the both sides of the 
photopolymerization nature film 3, and it is made to interfere as the Lippmann hologram. 
[0021] Next, the color Lippmann hologram and its manufacture approach of this invention are explained. 

[0022] Although counter diffusion is carried out before exposure by laser light, during exposure, or after exposure until homogeneity 
exposure of the sensitization component in a photopolymerization nature film is carried out or it is heat-treated and established, as 
mentioned above It is the same axle about each laser light in three primary colors, and a photopolymerization nature film is irradiated, 
hologram record is carried out, using the time of exposure initiation as the same, and this invention is based on having found out that 
the record according to light exposure of each color was made. Moreover, if the light exposure of each laser light is adjusted according 
to each exposure sensibility of each color in a photopolymerization nature film, though the excitation efficiency of each color in a 
photopolymerization nature film is different, it is based on having found out that each diffraction efficiency of each color was adjusted 
by the color tone to display. 

[0023] In order to adjust the light exposure of each laser light according to each exposure sensibility of each color in a 
photopolymerization nature film, the light of wavelength to record on a photopolymerization nature film is exposed by the 
homogeneous light, respectively, and relation between light exposure (mJ) and diffraction efficiency (%) is graph-ized. And what is 
necessary is in recording, to draw light exposure, to adjust the exposure reinforcement and irradiation time of each laser light, 
respectively to correspond to the diffraction efficiency of each request of R, G, and B, and just to irradiate it from the three above- 
mentioned graph, according to each of that drawn light exposure. 

[0024] As an approach of adjusting the exposure reinforcement and irradiation time of each laser light (1) While doubling other blue 
and the irradiation time of each green laser with the exposure time in red dyes with low sensibility and considering as the same time 
amount [ whether the output of each laser is reduced so that other blue and green may serve as required light exposure, and ] Or while 
fixing (2) red who adjusts exposure reinforcement and irradiates it using an ND filter or an adjustable beam splitter, blue, and the laser 
output of each green color to the output of the proper which those laser output units have There are red, blue, and the approach of 
adjusting the exposure time and irradiating it, respectively so that it may become the light exposure of a request of ******. 
[0025] In order that the above-mentioned approach of (1) may make the same the time of exposure initiation, and irradiation time, 
there is little effect by diffusion of a sensitization component, and it is the approach that the diffraction efficiency of each color can be 
most adjusted to a desired thing. 

[0026] Moreover, a laser output has 0.01 W-7W, and fixed constraint in 0.01 W-7W, and green laser (5 14nm) in 0.01 W-2W, and blue 
laser (488nm) in red laser (647nm). Therefore, when the sensibility of each color in a photopolymerization nature film is too low to 
adjust a laser output, and in order to consider as the color tone for which it wishes, the approach of (2) is applied when it is necessary 
to make the diffraction efficiency of each color greatly different. In this case, make the same the time of exposure initiation of each 
laser, irradiation time is made different in each color, and there is an advantage that the color tone for which it wishes can be 
diversified. 

[0027] As mentioned above, * * which indicated the case where a photopolymerization nature film was used as a hologram sensitized 
material can apply similarly the manufacture approach of the color Lippmann hologram adjusted by the above-mentioned color tone 
for which it asks, when using silver salt and dichromated gelatin as a hologram sensitized material. 

[0028] Thus, a hologram image is reproduced as the recorded color Lippmann hologram is shown in drawing 2 . Namely, the light 
which came out of the display object 25 installed near [ one ] the emitting point in the case of photography is diffracted in the 
reflective direction. It is what is performed as it came out of image 25' of the display object installed near the emitting point of another 
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side in the case of as photography of the diffraction figure. The image formation scale factor and image position Since it is decided by 
the relative distance L of the emitting point at the time of photography, and a record ingredient, and L', and only the light of 
wavelength with the wavelength in the case of record, or it and specific relation is moreover diffracted but the light of other 
wavelength penetrates, an image can be superimposed or compounded. 

[0029] Since, as for the color Lippmann hologram of this invention, record of each color is performed on the same axle, in hologram 
playback, additive color mixture of each color is carried out, and it is made with the hologram which the appearance color reduced. 
[0030] 

[Function and Effect(s) of the Invention] Since it is recordable on a hologram with the diffraction efficiency which asks for desired 
difrracted-light wavelength according to this invention, color hologram record and 3 color coincidence record in a color hologram 
duplicate are possible, and since an appearance color is reduced, it is useful as an object for turning-the-head-up tee sprays. 
[0031] 
[Example 1] 

(Measurement of the exposure sensibility of each color) After exfoliating the protective coat of a photopolymerization nature film (the 
laminating of the photopolymerization nature film of 20 micrometers of thickness is carried out on "HRF705" by Du Pont, and a 
polyethylene terephthalate bright film (50 micrometers of thickness), and a polyethylene terephthalate film (23 micrometers of 
thickness) is a laminating as a protective coat), it has arranged to the color Lippmann hologram optical system shown in drawing 1 . 
[0032] First, a record include angle is made into 0 degree and 0 degree in the wavelength of 647nm, and exposure on-the-strength 
!.40mw with red laser (krypton laser), and it is 5 mJ/cm2. After irradiating so that it may become light exposure, a high pressure 
mercury vapor lamp is used, and they are 100 mJ/cm2. Ultraviolet rays were irradiated, it heat-treated for 120 minutes at 120 more 
degrees C, and the hologram of a reflective mold was produced. 

[0033] When the obtained optical property of a hologram was measured with the transparency mold spectroscope, diffraction 
efficiency was 10% at 0 degree whenever [ angle-of-diffraction ]. 

[0034] the thing whose photopolymerization nature film is not recorded - changing — moreover, light exposure — respectively — 10 
mJ/cm2, 1 5 mJ/cm2, 20 mJ/cm2, 30 mJ/cm2, 40 mJ/cm2, 50 mJ/cm2, 60 mJ/cm2, 70 mJ/cm2, 80 mJ/cm2, and 1 00 mJ/cm2 ** - 
except having carried out, the hologram was produced similarly, respectively and diffraction efficiency was measured, respectively. 
The relation of the diffraction efficiency over each obtained light exposure is shown in drawing 3 . 

[0035] Next, a photopolymerization nature film is changed into a non-recorded thing, and they are 5 mJ/cm2 similarly at the 
wavelength of 514nm, and exposure on-the-strength 2.60mw by green laser (argon laser). After irradiating so that it may become light 
exposure, 100 mJ/cm2 ultraviolet rays were irradiated using the high pressure mercury vapor lamp, it heat-treated for 120 minutes at 
120 more degrees C, and the hologram of a reflective mold was produced. When the obtained optical property of a hologram was 
measured with the transparency mold spectroscope, diffraction efficiency was 20% at 0 degree whenever [ angle-of-diffraction ]. 
[0036] the thing whose photopolymerization nature film is not recorded - changing - moreover, light exposure - respectively » 10 
mJ/cm2, 15 mJ/cm2, 20 mJ/cm2, 30 mJ/cm2, 40 mJ/cm2, and 50 mJ/cm2 ** except having carried out, the hologram was produced 
similarly, respectively and diffraction efficiency was measured, respectively. The relation of the diffraction efficiency over each 
obtained light exposure is shown in drawing 4 . 

[0037] Moreover, a photopolymerization nature film is changed into a non-recorded thing, and they are 5 mJ/cm2 similarly at the 
wavelength of 488nm, and exposure on-the-strength 1 .80mw by blue laser (argon laser).. After irradiating so that it may become light 
exposure, 1 00 mJ/cm2 ultraviolet rays were irradiated using the high pressure mercury vapor lamp, it heat-treated for 1 20 minutes at 
120 more degrees C, and the hologram of a reflective mold was produced. When the obtained optical property of a hologram was 
measured with the transparency mold spectroscope, diffraction efficiency was 30% at 0 degree whenever [ angle-of-diffraction ]. 
[0038] the thing whose photopolymerization nature film is not recorded - changing - moreover, light exposure - respectively - 10 
mJ/cm2, 15 mJ/cm2, 20 mJ/cm2, 30 mJ/cm2, and 40 mJ/cm2 ** - except having carried out, the hologram was produced similarly, 
respectively and diffraction efficiency was measured, respectively. The relation of the diffraction efficiency over each obtained light 
exposure is shown in drawing 5 . 

[0039] (Production of the color Lippmann hologram) Red diffraction efficiency tried production of the color Lippmann hologram 60% 
and whose blue diffraction efficiency green diffraction efficiency is 40% 40%. 

[0040] It is 7 mJ/cm2 that the blue diffraction efficiency from 20 mJ/cm2 and drawing 5 shall be 40% as 40 mJ/cm2 and drawing 4 to 
green diffraction efficiency shall be 60% as drawing 3 to red diffraction efficiency shall be 40%. It rums out that light exposure is 
required. 

[0041] It is light exposure when setting the output of the red laser 10 to 1.40mW 40 mJ/cm2 In order to carry out, the exposure time is 
required for about 28 seconds. Next, the exposure time (28 seconds) is fixed according to red with this low sensibility, the exposure 
reinforcement by the green laser 1 1 is adjusted to 0.71 mW using an ND filter, and light exposure is 20 mJ/cm2. It adjusts so that it 
may become. Moreover, the exposure reinforcement by the blue laser 1 2 is similarly adjusted to 0.25mW using an ND filter, and light 
exposure is 7 mJ/cm2. It adjusted so that it might become. 

[0042] In the optical system shown in drawing 1 based on this and on a non-recorded photopolymerization nature film Exposure 
reinforcement by the red laser 10 is set to 1.40mW. The exposure time About 28 seconds, The exposure reinforcement by the green 
laser 1 1 is adjusted to 0.7 lmW using an ND filter. The exposure time about 28 seconds and according to blue laser 12 similarly 
exposure reinforcement Adjust to 0.25mW using an ND filter, and the exposure time is made into about 28 seconds. After carrying out 
the same time amount (28 seconds) exposure of each laser on the same axle simultaneous, a high pressure mercury vapor lamp is used, 
and they are 100 mJ/cm2. Ultraviolet rays were irradiated, it heat-treated for 1 20 minutes at 120 more degrees C, and the hologram of 
a reflective mold was produced. The exposure timing of each color laser is shown in drawing 6 . 

[0043] When the obtained optical property of a hologram was measured with the transparency mold spectroscope, as for red 
diffraction efficiency, the color Lippmann hologram of the diffraction efficiency to which green diffraction efficiency is 40% and asks 
for blue diffraction efficiency 63% was obtained 40%. 

[0044] Moreover, when this color Lippmann hologram was used as turning-the-head-up tee sprays with the glass laminate gestalt as an 

automotive application, most appearance colors were not checked. 

[0045] 

[Example 2] It is light exposure when setting the output of the red laser 10 to 1.40mW in an example 1 40 mJ/cm2 In order to carry 
out, the exposure time is required for about 28 seconds. Next, that whose exposure reinforcement is 1 .OOrnW as green laser 1 1 is used, 
and light exposure is 20 mJ/cm2. The exposure time is made into 20 seconds so that it may become. Moreover, that whose exposure 
reinforcement is 0.5mW as blue laser 12 similarly is used, and light exposure is 7 mJ/cm2. The exposure time is made into 14 seconds 
so that it may become. 

[0046] In the optical system shown in drawing 1 based on this and on a non-recorded photopolymerization nature film Exposure 
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reinforcement by the red laser 1 0 is set to 1 .40mW. The exposure time About 28 seconds, Exposure reinforcement by the green laser 
1 1 is set to l.OOmW. The exposure time About 20 seconds, Exposure reinforcement by the blue laser 12 is similarly set to 0.5mW. The 
exposure time Moreover, about 14 seconds, After making a record include angle into 45 degrees and irradiating it on the same axle at 
coincidence, a high pressure mercury vapor lamp is used, and they are 100 mJ/cm2. Ultraviolet rays were irradiated, it heat-treated for 
120 minutes at 120 more degrees C, and the hologram of a reflective mold was produced. The exposure timing of each color laser is 
shown in drawing 7 . 

[0047] When the obtained optical property of a hologram was measured with the transparency mold spectroscope, the color Lippmann 
hologram near the diffraction efficiency to which 35% and green diffraction efficiency are 45%, and red diffraction efficiency asks 
them for 63% and blue diffraction efficiency was obtained. 

[0048] Moreover, when this color Lippmann hologram was used as turning-the-head-up tee sprays with the glass laminate gestalt as an 

automotive application, most appearance colors were not checked. 

[0049] 

[Comparative Example(s)] Although the exposure reinforcement of the laser of each color in an example 1 and the exposure time are 
made the same The record include angle according the record include angle by red laser to 45 degrees, 45 degrees, and green laser 45 
degrees and 62 degrees, Make the record include angle by blue laser into 30 degrees and 54 degrees, and the time of exposure 
initiation is made different. First, after having irradiated for 28 seconds with green laser after irradiating for 28 seconds with red laser 
and changing whenever [ illuminating-angle ] as mentioned above after an exposure, and changing whenever [ illuminating-angle ] as 
mentioned above after the exposure, it irradiated for 28 seconds with blue laser. Subsequently, a high pressure mercury vapor lamp is 
used and they are 1 00 mJ/cm2. Ultraviolet rays were irradiated, it heat-treated for 1 20 minutes at 1 20 more degrees C, and the 
hologram of a reflective mold was produced. The exposure timing of each color laser is shown in drawing 8 . 
[0050] When the obtained optical property of a hologram is measured with a transparency mold spectroscope, as for red diffraction 
efficiency, from the diffraction efficiency to which green diffraction efficiency is 10% and asks for blue diffraction efficiency 30% as 
compared with the thing of the above-mentioned example, it turns out that it is bad 55%. In addition, although each record include 
angle of R, G, and B was made different above, the same result was obtained also considering the record include angle as the same. 
[0051] Moreover, when it carried out to turning-the-head-up tee sprays with the glass laminate gestalt as an automotive application, it 
was that by which a reaction is governed by the red light irradiated first and an appearance color is observed. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the schematic diagram showing the production approach of the color Lippmann hologram of this invention. 
[Drawing 21 It is the schematic diagram showing the playback approach of the color Lippmann hologram of this invention. 
[Drawing 31 It is drawing in the photopolymerization nature film used in the example 1 showing the relation between the light 
exposure of red laser, and the diffraction efficiency acquired. 

Prawing 41 It is drawing in the photopolymerization nature film used in the example 1 showing the relation between the light 
exposure of blue laser, and the diffraction efficiency acquired. 

Prawing 51 It is drawing in the photopolymerization nature film used in the example 1 showing the relation between the light 
exposure of green laser, and the diffraction efficiency acquired. 

[Drawing 61 In manufacture of the color Lippmann hologram in an example 1, it is the explanatory view of the exposure timing of 
each color laser. 

Prawing 71 In manufacture of the color Lippmann hologram in an example 2, it is the explanatory view of the exposure timing of 
each color laser. 

Prawing 81 In manufacture of the color Lippmann hologram in the example of a comparison, it is the explanatory view of the 
exposure timing of each color laser. 
Pescription of Notations] 

the inside of drawing, and 3 - for blue laser and 12, green laser and 21 is [ a photopolymerization nature film and 10 / red laser and 
1 1 / lens, 25, and 25' of a half mirror, and 22 and 23 ] images. 
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(57)Abstract 

PURPOSE: To provide a color Lipppmann hologram which 
enables simultaneous recording of three colors in color 
hologram recording and color hologram duplicating as 
recording of a desired diffracted light wavelength with 
desired diffraction efficiency on the hologram is possible 
and which is useful for a head up display as appearance 
colors are decreased. 

CONSTITUTION: The exposures by laser beams 10, 1 1, 12 
are adjusted according to the respective exposing 
sensitivities of the respective colors of a 
photopolymerizable film 3, by which the respective 
diffraction efficiency of the respective colors is controlled 
to the color tones desired to be displayed. The hologram is 
produced by a process for previously depicting the 
relations between the exposures and diffraction efficiency 
of the respective colors of the photopolymerizable film 3 
as graphs, deriving the necessary exposures of the 
respective colors from the respective graphs according to 
the color tones desired to be displayed and irradiating the 

photopolymerizable film 3 with the respective laser beams of three primary colors according to 
the exposures of the respective colors coaxially at the same time for starting the irradiation, 
thereby executing hologram recording. 
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